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Zb th« fitlA •f flr« Mftir*!.* an* of tb* ••% tap^rtaat yro^ltat
eMfrwfttlac th« d»ctc»»r it that of fUmifthlBc an aoeurato lolmtlMi f«r
thft ooatrol ftf fir* fvMi find gtnM «*STi«4 ^ mi airplans flxinc alone
a ourrod palk. Xb avdor to ovarooao thit pro^Ua» sicliti of ^parie«* typot
havo )»00B or aro Wine dooleaod. Yho typo eoatidorod la thit thotit it
a i3fTO" eoiifc»atiag, diitttr'bod^llno-^^ticht typo of caaaifM, tfith tho
ttiyatoy «aao of tho gaxmi^i ^lac riclAIr aoiutod to tho g^iuetxiro of
tho attaokii^ airplaao« tho foronott prohloa io to dotovalno tho offoot
Of aay pottibXa netioa of tho eoapBtor oato oa tho iadieatad ti|(M
prodietion anflo dotorainod ^ tho oospator*
Aa i^l aid^ht iaotallod ia aa fTT typa airpUao will ho utod ia thlo
pr»4«et for tho parpooo of ianrottlsatlne th« oreraXl djraaaio oharaetorio-
tioo of a tvo*-gyfo eoaputlnc tyttott for aorodyaaaio-lood paroait ooartot.
0oao voi^ of thit Bataro hat prorloatly hoon doao hy tho Arwf Air ?oreot
with a !^38 typo airplano at Xgiia Fiold* Florida » aad hy thi^ K.X.t;
Xattraaoatatioa Lahoratory tttiac •» A»36 airplane at tho Bodford Airport,
lodford, Mattaohatottt.
It it hopod that iaformtioa tihtalBod hgr thit thotit viU >o of
iTRlao ia tho dovoloptwat profraa of oaoh a ooapatinc tyttoa, at voll at
to prorido iaforaatioa for aotottMHit aad o^nalaatioa to tht ATiatioa
Araaatat hraaehoo of tho Angr aad lafy.
Za ordor to tJialyto tho aotioa of aa aircraft vhioh it flylac alone
a earrod path, thit aotioa it rttolTod iato throo oofaaonentt ahoat
antaally porpoadlealar azot* i.a., doflootioa, oloration. and orott roll.
-I-
Siiic« gytawoipio elMwitti ntpoiul to wngaiMr Tvloolif iogpmtt vlth rstpMl
to lAortial fpAot, th«]r «r« ii««d la eo^puter oMohaalMn t* d«t«ral&« IIm
d«fl«eiloii and «l«T»ti<m prcdietad l«ad aia^lftt ^ 9r«9*T «ri«niation of
thalr «pla axes with r«ffp*e% t« tk* aze« •# motlott of tho ooqmtor mm.
OrlflBtlljr It «R« Imtoadod tlmt a thro«-*(Drro (oaoh with a tlai^Xe d«cr*o
of froodoa) eoapatln« gUMlcM %• tiuiod to laireotSdpoto tho pro^Xon. TMo
•Icht laid •oitaiv.te eoiqpttter tootloiia for BOtleai about tho oleim.tioa«
doflootIon. and erooo roll axoo* Tho oroot roll oo«yator rooolrod aotlea
oheat Its axlo Into i>roi»or laq^to to tho olrfatloa aad dofloetloa ooapntor
^utoao «o that tho roll or hank of tho alrpXano would Introdooo otih-
•tantlalljr no orrer to tho prodletod load a«clot* Uhfortasat^y, aftor
this ol^t and tho aooootarjr aoeoatnoat eqi;alp«0Bt had hooa lastallod and
horoalfhtod 1ft aa fSf trpo filter alrerafti fho piano ofiaohod at too en
Its laltlal Bltolon. So eculpfliaat or oxperliiotttal data «M oal^«coA*
lowoTor* ol&eo tho oallhratloa data woe exeoptloaally cood, Indleatlnc
that tho olfht qolto prohahly wotild havo hoen an Inqproroaoat ofor profwftt
dofll^M* thla da,t* hao hoon Isolndod la i^pondlx I of thlo thoole to that
It M17 ho tiood ao a orltorloa la tho oonctraotloa aad eallhratloa of
anothor throo^crf^ ooasMtlne ^aatlght.
BoeBAeo tho tight «hl«h wat loot eottld not ho replaood la tlso to
ooa^loto tho orliclaftl thoolt* a produotlM aodol of tho irl eoBpntlac
^Mtli^t vat ciood at a tnhctlteto. Thlo tsnpo of tl^iht hat two ooapatlag
ooetloati oloratloa aad dofloetloa, oaoh titllltlag a tlaclo^oi:roo«of^
ff<oodoft syro. Thoro It ao orott roll cosrntln^ ttetlea. la ordor to
ooapoaaato for orrora vhloh voald ho latroduood hjr aotloa ahoat tho oroto»
r«U axil 9t %h» airpUaa* Ihs d«fl«o%lott gyro input uti* it laoliiMt Iw
4iiCf«M froii th» d«fl«etlon axli of th« alrpljuM. This iMlinatlon r^dooei
%h9 iKftol tffMt of %ho dofloetion ooapoacnt of kho eontrollod lino an^almr
iloolty ffo*
*(oi,>4 *• *(CL)4 ****
^*'*
^* **^ ••^ **** *** laollaatlon
fWTldot • •MipoAOiit of Um MifaXMr Tolaeity of tho ooapstor onto aW«i
tho foatrollod Xiao aa an laiml to tho dofloetion ooafRitinf oxntoa o^ial
in n«ait«do to
^/q^)^ "^ ^^^ » ^^* iasni aoroo tho traokioff iadox im
* Aiv»«tion to iMtttvaXioo orroro vhioh aro prodtNood hj •oti#& ahout tte
eroor-roll azio*
fho elevatioB prodiotloa eoaqcntor roeolToo ao ioq^to tko offoetiTo
•Molemtioa ciinpiiiiat paralXol to tho dofleistioB axitt tho angalar
oloolty of tho eoatpntor eaoo ahoat tho elevatioa iaimt azit« aaft tho
oXovation e«noitlTit7 eaifoot. tto Otttpat io aa aa<alar dioplaMMSi
•f ita eoapotor shaft vhioh io the iatnit to the «loiratioa indicatiag
il'otoa*
fho doflootica prodiction oo^pater roeoiToo ao inpato tho aagalMr
volo«it7 of tho oosqputor •*«• ahoat tho dofl*o%ioa iaimt axis* aad tho
AofXoetion ooaoitiTltx (mrroat. Tho oatimt of tho dofXoctioa ooapatia^
•jratoa io aa aafalar dioplaoomoat of it* eo^pator shaft vhieh io tho
iigmt to the dofloetion iaAleatinc orst^a*
the oXaotie rootraiat otiffnooo aotoro on tho eoapator thaftt aro
provided with ooaoilivitjr earroato froa tho ooaoitivitx oontral oyotoa.
fho ooaoitiTity ooatroX o7«to« aoraeXXy hao ia^ato of proooat fanfo aad
^0 SyghoXo aad Dofiaitioao
setaiXod Theory aad Coapatatioao for it» irX UiilkX for tho Ooatrol of
flanfire froa Fixed Oaao, Boekatfire, ead Boalbiac froa Airoraft. Tolo.
X aad JZ| Vy tho XaotTOMatatioB liahoratory* N.X.T.
villi tht dyuHrto '^bftTlor of th« pMdlellon niicltt at ipeeif1« teatitlTi^
tl««, a flvileh «M InnUXIiid to allov tte pilot to ooloet oonoitiritlao
of 3, 4, ABd 6 toooado. tho toiiffitiTity- insuriot lar^rtely as tlkt olaotie
ir^9tr&ist, as infinito roatr&ist giring a tonsitiirit/ of tero.
Ilslt thooio it eonoormod vith tho eontroX of foafiro fros fixod
«GUM im an airplano ivhieh flioo a ipwroait ooaroo or eanrod path.
Slxwo tho irl nUfikX in wit tht dintTxi<%od»liB««'of«*oicht %ypo« iadiroot
tnutkl;^ ooatTOl it uted . Tk» tl^t aefvt tho tvaokiac iadax "Wakwtfd* *
fros tho ooatrollod lino ^ tht anoaat of tho prodietod loaA u^lo it haa
OMpatod. IonalX7« «)Mn traakiai; it ttartod» tha ti^hl it ea^od tutil
tho propar aagalar ipolooitjr ia^to art i*oooiTod| thaa it it naea^ad. Zf
tho ooatrollod lino ooald >>o aovod forvard iattaataaaoutlr V the aatnal
af tho earraat iadioatod ps^iotioa aaflo vhoa tho tii^t is xmoatod, aa
iaotant&aoottt tolatioa couild ho obtaiaod. Thit it ohrieotlgr iapottihlo
hoatttto a fiaita tiaa it ra^i^ for tho traoldlnie lino to at>¥0 ta tha
oorroet pooitian. fhit tTpo of dlstarhad simht haa axpoaoatial reopoato
obaraetorlstiot to that thooretlealljr it would ro(|airo aa iafiaito ataat
af tIaa far a porfoot oolutioa to ho ohtaiaad* far praatieal parpooott
vhoB 95 poreoBt of tho iaitial orror hat hoaa oliaiaatod* it it oontidorai
that a oatitfaotovr talatioa hao hooa attainod. Tho tiaa iatormtl ro^pklrad
it eallod tho tolutiaa Itel* ^^^ tolatioa tint dopoait upon tho dTsaaia
roopoaoa ahavaotorittiet af tho eeivatoy aowhonitnt, aad it ono of tho
innortant olommta to ho inifattlKated in thlt thotit.
In ordor ta aaal^raa tho eight *t porforaaaoo to that it aajr ho ootvarod
aaoag tii^htti tho ttahilit^r naadmr of tha ti«ht aoat ho kaova. Vho
ttahilitj aBd»or, m* it dofiaad Igr tha follaviac oqaatloai
S(¥f>
8U3itU%r nn^r It dif<M%l)r ^•p^rtUiuX %• tk« ifM «Im»1 tyMd aai
tli» Tlte««lty «f %h« fUiU is t)i» ecBpttttr ttaatft dmm^t* tiM« llM
irv«B ikM nil ^ MtesIlM iMtort «al tteir 99—A U conrt—t (m
4«t«r«iii«4 V th* tfMd ttf t)» iuymrUr), tht dMoplaf It i]» mly
tftrln^U vhieh «qr W cbMcvd , Tb* ttjiaplac «,• MLi«st«d i« «it« •
ttattiilt^ tnAw of 0#a« fhU Mttir^ vm mtA4 ^ p««i%i«iiig |b«
rhMvtol is tiM flimiy hf»*t«y o<»Blrol olyeuit. naidlr, «!» pMlMuii«i
«)Mivm6t*H«%i6 tim it 40nMi »« tb« mile «r tbt dMo^sg oMffititot
W %te tUttio r*eti%int on tbt QtniMttr thurii
6
(cf). - ^ (a)
Httit «lMi ancalftr vaUeitr-prMltoUoii tagU M&ti%iiri%r in idM invwrftlj
•iCAF)
i^ ftUtv* that th« wUliiUtr mmUr it iaAi^tiiMA •T tUttid MttMilat,
Md lli*rtfoM «f nuft* tisM Miiit »timt»ta»t tofttvtil t>m tUtlif rt*
•tfttl«l« llMft#9Y*t tht ttaMUtr irfwnr it tatttltiit, UtpnAmA tnlr
«9t& flit 0«litVft%iOA ttA^Ut^MBl tf t)M «t«paitr dMBj^iAf* tt litt idt* >«fll
AtWnintA th»t tkt tf»tkiii4s Ni%it it rtltttd to tW^ilitf mA»T tt ftUtwo.
.
«-|JLj (4)
•Hi u»t um ttiviittt tiMt it rtUitd u tUibiuir Mii^r %r ot fMwU
•» - » I i-?a ] V») <»>
"••t Ayiibtlt «Ml Dtflnltitnt for atWIitB tf ftll t^Ukilo&t.
4
fttfertnet Utttd fAft 8 fw tfaatioaa 1« 3, 3« 4, aod 6.
f«r tht n^oftmi tr««tB«iit »f this fire control pr»^l«i, aiimslaK
roU ilAtlllMlioa sad notion r«ttriot«d t« tbt horltoatnl plan*, tjrploal
«oltttlMit 9t th« foUtivlnc tqttationt hnr* ^m •btnln^A frj^ th« S««ktf8ll«r
Diff«i«ntinl lnnl7t«r of the Kn«s#ehnt«tti Xnttltut* of toehnoloflr? X% eon
b« teon fro* the ftqvntiont tWit aA«Ie of nttoek nnd tongot 004^10 innry throoit^
*mt tbo proMoa.
^,(gp) ^* MiialAUod o«MtoB%.
ly • ?, oot A^ * T^ eo» (P^ - o^) / (•)
Yor tho oxp«rl»onioi oo well m for %ho oxnot tolvtioa of %hm pro^Iom*.
oortaia llsllatioao Iv^ood "bj oporotlOBoX otpoett tlionld ^0 eoMlAarod.
Vltk tho aoaj pomaotoro whloh oan ^ Tarlod* II !• neo«etorr to liai%
tho oeopo of tho proibloa to 000 typo of pnronlt emrro. For thli projoet
it «M dooidod to «eo oiU/ Otto typo of r«a» r«ttrlfltin« it to tho boritontol
pXoao* vith on initioX lorfot oat^o ^otvoon 90 naA 180 dogrooo* fho rotlo
•f opoodt of tho ottookivi and toffot plaaot «»t ohoat tvoi fho onglo of
«tto«k| olthM^ not ooro in tho ootvol ptohloa* it ottnaod to Vo initioll/
fofo oad it not oonoidoyvA throofhittt tho oolntion of tho oxporiaontal
•W*M>>~«>*«>iMMM<rf«l)ri((iH«MtaPM«MMi->'i<«MMMMM>^^
^o Appoidix tti fl#iro 1| pittt of ihooo solutions and for dofiniag a«d
isitUl eoa«iUont4
^ioo thotio oatitlod **jyi Ucfottijalloa of tho PorfomwMo OhofaotoHotiet of
a OoopotiBf Ifttoa for Ui-^o*Mtr Xatorooptiosi* fvhalttod JBfKot. 1M7, hr
)bl« Ooadrt. lofOt Brttoo« 9mm t aad Omif • fin, fw dovolopaoat of thoto
0«UlUOSO*
prooiwi, aX%lM«|^ 1% !• UStm into aeeonuil Vy the Irl Ijht. T)m
MmtttlTilUt Ml«et«4 \mf 2« 4* toA 6 tMoait; tX«««, Mdltia, and
•t»
X. AIBPLAHSS
An rrr^ta slrpUM (nUht fl«hft«r), at«ifa«A %• Ihe 5»v»l Air T«ti
Cm!(«r» Patwcoat Riv«r» Karjrliuid, wat ua«d for this px«J«et* This plaa*,
BoTMU l«Bl>«r t0394, *]*rlT«d m.% SqaaBttuoi la^ml Air SWtimi mx July d3«
1947, t9r tlM iKunpoM of eall'&rfttioa of • proTioaaly iaotalloA irl tmi-
Toroal typo isoAtii^t V tl^ ZsttTttwaUitloa X^beratory" of %ho Maoaoote-'
oottt lattltate of ToohaoXomr. Ttio goatl^ was lattalloA la Iho olrplaao
If- tbo Xaval Air tfo4ifleatioa Vait» JoinivriUo« Foaaajrlvaalft* Poraltaioa
vat graatod for tht a«o of iho T7f alrplaao. x^a ooopXotloa of lalToratorx
oall^ratloB of Iho caaol^ht, la oMalnlac oxporlaoatal data for thio
projoot
.
?ha tar9»t airplane It aa 989-4 tjrpo «hieh It uood oxtott«li>«l|r 'b|r
tho Aragr aad Maevjr for traialai; porpoooo. Thli alrplaao it oao of tho
aoroal ooiqplocMat of plaaoo tttod for tralalax fllijfcxit »l S^eumtaa XaifaX
Air Statioa.
fbo orl^aal a^pAiatus for thio projoet ooatittod of aa f8? iypo
alrpliAO la wbloh waa lattallod a Ihroo ggro Tortloa of tho A-l ooapatlag
Caaell^, dool^aod aad hoilt ^ tho Xattnn»atatloa lAboratorgr at K.X.ff.
Aftor eallhratlea and laotallatloa of tho ipuial^t la tho alrplaao* a
mebanioal fallaro la tho on^rlao la tho rlolalty of Oravoo Llfht» Bootoa
lai^OTt rofaltod la a vator laadlaip aad oeaploto looo of plaao aad o<calp^
eat.' At tho tiao of tho aeelAoati flight tott oallhratloa «ao holac
oondnetod la ordor to ohtala aatlo of attaok data for varloao alrspoodo
ao veil 00 aaklBs a pr«>llalBarj ohook for propor oli^ht oporatloa.
I I m ill! II I II I »i I I I 1 11 III 11 I I II 111 I
' 8oo Appoadlx Z for dotalli of oallhratloa aad laotallatloa of thio
caaol^^.
OafertiaftUljr mi Mtaal fli^t t«at data vas «^t«in«d.
IX, OOISXaST
A prodnotion nod«X irl eoapntln^ ^mslitht, ballt 1»/ th« A.O. Spaik
Fine C«9M7, im« UMd In thit lxrr»*tifAtlen. This aicht, ud Its op«ya
tloB» ar« d0tori)>«A «lt«vh«r* in ihi« Ihfvtls.
B«rtBl^tlnc of thd ^n«l^l vat AecmBpll«h»d "bf unm of nomal bo
•Icht oiifalpaent famlth*d by th« aanafaeturcr of th« ploao. Llftlji4|
Jaaks for l«ToliB« %lko pXaat uM a portable torooa vera prrridod by
faollltlao a% tho S^ouuitUM Kairal Air Station.
IXX. OAKnUS ASD ASSX8SKK1T
two 0&A7 Boll aad Bovoll oaaorat woro uaod 1a obtalalnc traoklaf
aaA flight data, fho oaBoraa wore mi^«lno loadodi oaoh aafailm oon-
talnln^t 60 foot of 16 m. flla. Oim oaaera wot aoontod 1b tho radar
operator** pooltloa (roar toot of tho F77}, la ordor to photograph tho
airopood aotor« altiiMior, aoealoroaotor* oMoepooooad elook» aid tho
baide Indicator. Tho oth^r eaawra tmo MMUitod oa tho tlii^t hoad to
photograph tho oliiht rotlolo, ooaora roforoaoo aarlotr* aad tho target
plaao*
6atlofaotoi7 photocrapl^r «<m obtalnod with noc&tlTo paaehronatlo
fllUt opood 2S« ttolac t^op t.llt aad a thattor vpood of l/50th ooooad.
All tiXm i«ao prooottod by tho photoeraphle poreoBBol at the laval Air
Station, S^ymttm, Kaooaehaootto
•
^or detailed ea»ofa elroultry and Bountlng, ooo ippondlx X» 8oe. 6
B«ll aa& B«v«XX afttlon plottur* proj«e%ort v»r« u««d for t)i« filji
•aXlbratiOA Mttea. >r mma* of 100 all oall>>nttioa aax4ct on one m%
^ Mepo««d filMt ebt«da«4 vliilft 1)07««l|^tini;» thft •er««ii eali^mtlaa
«f th« projeetar, Vith Ud.t Mi^ttawnt iiad«, di«tAiie«s on %h* c*librar




V9T th« paxT«fl«t 9t this r»p«rtt a alitioa is i«flB«d m a flichl
ftttriac Whleh 0afflci«t»t voas vtra Mid» to eoqpIet«l7 «xpo«« fifty fMt
•f attottaant SMiava film (approxiaattljr tlz naa) . NltiioAt flown la
iho eoarse of ihit laToatl«atioa laoltblod tvo faaillarlsatlon aad tott
fUi^St and four alflalont oa whleh data vat takoa.
fhft tvo faallia.H.tatioa aad t««t alttiont voro lando la ovder to
ohook th« propor opoimtioa of tho aaiotMoat eanorat and to faaillarlto
tlM pilot 9t tho attaokla^ airplaao la tho oporation of tho coaoifht aad
la the typo of rtui* dooirod.
llia«l0B« for rooovd voro aado ao follovtf
a* fho attacking aad tariget airplaaot jolaod up at aa
altitiyHo vhloh i;avo froodoa for naaea^orlac aad psropor
limine for photo^praphgr.
¥. n» tar^t Airplaao took up a hB«din« and flov at 100
knott iadleat«d« at a ooaotant altltado.
0. fho attaeklBi; airplane aaaeuTorod into a potitioa trom
i^ioh it eoald bmUc* a run vhieh coaforaod a« oloooljr at
pottihlt to tho ttandard mat dosirod. fho standard roa
vat ockt vhieh vat to ho nado oa tho taat horlBontal plaao
at tho tarcet airplaao, iaitlal tarcet asisle of aiao^
dogroott initial raago of tvo thoataad yardt* and an air>
•ptod of SOO knott indieatod.
-11-
At th« V«ciniila« ef * nui the atta«kiiie plan's pilot e«c«d th*
•le^t*r Bticlet started th« o«n*ra«« t)Ma unes^^ tb« ei^M r«ttel« aft«r
first aantTiTiirln^ his &lrpl*&e «o that lh» retlels iiA»**«tf* t3M» tant^t
aircraft. Thi pilot th«& •nd«&'vor«d to traek th« tarett i& a« elota aa
postl'bla Vsfora ^roakln^ off the ru. Afttr the run was eoii«)latad» tfe*





In iKe A«e«t«Bent of th» film of th« rums n«A«, «v«rjr fwttth
t9tm wu anal7«*A» r)iit r»pr»0«ntod eonditlont »t «ppr»xiMtt«l7 MMh
qiMirter MeonS throtk^^umt ths traeklB(( Km.
A| taoh fruw r«ftd» ths X«a*tlon ^f th« r«tiel« in •l«tm%ion sad
d«fl*otlon Da t)M <»ali1ira%«d tereen wa« r^oorded in Bdlii. By dnes^zlaf
th» fla^jBsrinc oirvnit in ttet ea»«ra \etwf th» ggrro vat vaoa^ed, ita« ea|;«d
petition of %lw r«titX« vat obtained (dotoxwiaod ^ tho appoaxmaoo of
the fXac in tho fila) . fte diffomaeo ^tvo«n thio petition and tueeeed"
i^e petitlont of the i«ttiel« iptTo tbe ti^t prodiotien aaslot in tlevatioa
and defliMtion. The differeneo V^twaen rttiole and lavfot petitlont at
aaj particular tiao vat the iaaecvracj of the traeldnc line in eleiratiem
Ofld d^leetion. Ve atteapt ^lat node to teparatt the isaeeturaesr late
error and aaeertalnty. Aa InaoeunMOjr in tloTatioa vas eentidtrod petitiro
if tlie yetielo vat helev the target, and an inaectiraejr in d efleotien nae
•eatidered poettiTo if the reticle vat to tht left of the taratt* Vith
the ateettiai; toalet oted, the anribere inereated frea rl^i^t to left and
ffos the toy deim,
TMr frottoe from the rear eaaera reoerdlng the inetrtianit paael»
fnutet oorretpoading te theee of the front camera vere analjrted, and the
felloviixa; vere reeerdedl airepetd, altitude, aeeelerationt* and elapsed
tiae. Slip or lAcid vere ohterved* Froa the reoorded data, the predio-
tioa aa«let and traelcin^ inaecoraeies vere oaleulated and plotted in
igapeadix XX.
Xn ei*d«r to prvrlde * tiA«ii for oo^paYlton of tho oxporlntstal dat*
vith the thftor«tie*l datA« th* MathonatldaX tolntlmif o^taiaod froa tha




Figure 1 ahown plots of the predicted l»Ad Angle r^rsut tiiM data
©"btalned froa differential analyzer ^^olutlons of the flight path equationt
approTluatlng thoge conditlona which existed for the actual tracking rune.
Tlgares 2 through 15 are plots of tlmilar data erperimentally obtained
froB the tracking runs. Figure 16 shows two plots; curres of eTp*»rlinen tal
and theoretical solution tiaee Tereus static sensltirity of the sight
conputer, and a curre of tracking line inaccuracy Tersue static sensltirity of
the sight conputer.
The theoretical solution of Ps Tertus tine glres a ssweth curve
starting from the rero or caged position of the sight reticle, and rising
erponentlally as the sight generates the proper Initial lead angle. The
slope of this curve decreases after the initial solution is reached. As
the range decreases and the attacking plane closes in on a tall chase of
the target plane, the curve then steepens sharply, indicftting Increasingly
larger required leads. This plot of lead angle versus tine does not
represent an actual aerodynamic lead pursuit coarse gunfire prohlen for
the following important reason. In an actual problem the static sensi-
tivity is a variable. It is a function of present rginge, or of tliw of
flight of the projectile from the attacking plane to the target. As the
range decreases the time of flight decreases, which tends to make constant
the amount of lead necessary in the final stages of the run. As previously
explained in this report, the static sensitivity was held constant for a
^ particular run in order to simplify the investigation. Holding the static
O
<is. sensitivity constant during the run actually made it more difficult for the
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pilot to track perfectly and consequently increased the aa^itude of tho
dynamic errore present in the latter tta^e of aaoh nm.
Inrpection of the exp^^rimentally obtained curres of predicted lead
«*ngl© Yerene tine r*»T«al thp f»tinsight*t eolution of the fire control
probles to be basically the easte as the theoretical solution. Tho
erponential part of the exp^^-rinental curves can be clearly delineated
in each case. After the ei^ht has generated the Initial predicted lead
angle, the curres of predicted lead follow, in general, a sinusoidal motion
throughout the irejMiinder of the run.
One of the conditions inposed on the pilot of the attacking airplana
was that he should track the target vith the sight reticle in the caged
position for about two seconds prior to uncaging the sight . This Imposition
caused a laax^ed dirergence in the shapes of the curres of P and P . rersus
so flu
tiae. An inspection of the experimental curres of any run shows that, while
the P . curre has a generally positire slope throughout the run, the P
curre has an initial Dositlre slope that changes to a large negative one
just after the Initial solution is reached. In about the last third of the
run the slope of P curr* resumes a generally positlre value. f*he magnitude
of P , being BMieured with respact to the longiturlinal axis of the attacking
airplane, is a function of the angle of bank at any instant, """or e»aHiple,
with the pursuit curve Vept in the horisontal plane of the target as it was
in this investigation, if th#> attacking airplane were to bp.nk vertically during
a run, all the lead would appear as an elevation lead angle.
Tha explanation of the behavior of the P curve is that when the
pilot uncages initially, and the eight reticle noves away toward a solution,
•1©-
he has to fly his airplans to tlvit thu controlled linn i« dlr«ot«d out
ahead of the target In order to keep the reticle on the tar^^t. In
9mkin^ this naneurer, the airplane WLst be sharply banked. Hoverer, as
oon as the predicted lead an^le "becoBes relatively -stable, the r^llot
nxtt ''shallow out** the flight path slightly. In doing so he reduces
the bank angle and hence the magnitude of the P . When tho predicted
so
lead angle begins to Increase rapidly near the end of the run, tho pilot
has to IncroRBe the angle of bank which results In P increasing posltiToly
at about the sane rate that P . increases.
Su
Slneo tracking Inaccuraolos were present In all the experlnental runs
a plot of their arerage magnitudes rersus sensltlTl^y setting has been nade on
Figure 16. The plot shows that the Inaoeuraoy Increases as sensltlTlty (and
therefore predicted lead angle) Increases. This condition probably erists
because It is nore difficult for the pilot to keep the reticle in view whoa
the load angle is large. Furthemore, the tracking line motion (reticle
notion) is nore loosely coupled to the controlled line motion for largo
predicted lead azvgles*
The average nagnltudo of the tracking Inaoouracles appearing during
the runs %raB larger than ejected. HowoTer, as it was pointed out eArlier
In this discussion, the static sensltirlty was held constant during the run
and this acts to increase the tracking dlffleultles . Turthersore, the pilot
of the attacking plane had little prorlous oxperlenee with this type of
sitting systOB. Sxperlasatal tests hare boon nade using the disturbed
type gunslght to track while in shallow dives on a fixed ground target.
Inaoouracles were found to be la the order of fron one to two nils.
See Thesis entitled "iTporinental Detemlnation of Tracking Inaccuracies of
TlT^d and Disturbed Ounslghts in Fixfd Oon Fighter Aircraft, subnitted August 24,
1946, to MIT by Lt.Cadrs. TJ'.dePoix, J.J.Hlnnau. H.T.Lloyd, fi.i^.Rawson, USI.
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Thforptlcally the tiof' required for this gunsi^ht to ^nerate a
solution, aftpr "being uncaged, it approximately ilx tenths of lt« etatic
sensitivity in eoonde. This relation Is verified on the theoretical
curres plotted on Figure 1. From th* experimental results it was estimated
that the solution tine was approxinately twice the theoretical values.
Roughness of the angular velocity inputs to the sight computer due to the
pilot's inability to track perfectly was probably the cause of this
increase in solution time, l^hlle this Increase appears to be undesirably
large, the erperlroental cui^es deflnitelr/ show the sight had generated a proper
predicted lead angle even for the runs with the highest eeneitlvity setting
before the runs were half completed.
A simple change in the pilot's procedure of maldng a tracking run
would materially reduce the solution time for that run. This change would
require the pilot to anticipate the approxir^ate lead prior to uncaging
hie sight at the beginning of a run and to position his airplane accordingly.
It is also considered this procedure vould reduce the tracking inaccuracies
throughout the run by eliminating the necessity of the pilot having to
track the target during the transient part of the predicted lead solution.
Ho attempt has been made in this invertlgation to determine any errors
that Bight enter the problem due to changes in angle of attack of the
attacking alrplanr during thp tracking run. These errors, if present, wero
probably small because a study of the data taken shows a aaxiziun change of
only one tenth '*£** in the linear acceleration on the airplane during the




On the basle of the foregoing rptulti, th« following conclunion* aro
prn««nted:
1. The actual tlmo required for a disturbed gxinslght to genprato
a solution will always ho ^e^ter than th« theoretically determlnod
tlno due to Inaccuracies In tracking.
2. Tracking Inaccuracies and sight solution tlae Increase with the
sight's static sensitivity.
3. Dynamic errors will be present in any tracking run duo to the
pilot's Inability to track perfectly.
4. Under the conditions of this Inrestlgatlon the tracking
Inpocuracles and sight solution time could hare been decreased
If the attacking plane pilot had followed a procedure of antlcl-
pctlng the approrlwate required lead at the beglonlni? of a run
and had positioned his plane accordingly.
-19-
it uvuaXly purall*! to tlhe bor«il|^t Hat of tte air-
U Ll&a of «i^ io ilw Uvg^.
Sf Solution tino.
fli staMUtr tmi^^ wt tiisk^t
.
ft Traakiac iA%i«
1. Doflootion eoordinato of Vbt tx^oklss iaAox or rollelo
«i tlio ^mJoolioA toFotn. Koararod ia idlt.
% IlLflrvation oooTdlaato of tho tmckiais iadox or roiioXo
OS %]io proJAOtioB i^npoon. Moaoarod in Bllt.
ff. dofXoetioa eoordiaato of tht target on tha i^rojocti«»
Mvoon. Koaovrad ia niX«.
t IXaratioa oMirdiaato vf tlio tasfot oa tlia projeetioa
tdrooa. Noaoorod la aiXa.
9 ( «• a\ SXoraliaa or dafXootioa ooi^ponoBt af iadioa^od
•^' •' •' pfadlotioa aagXo.
f Xikiioatad yrtdiotim aa«Xe, or outpat aait^-**
F^ Zadioa^od prodiotiea aacXo aa maaiurod ia ths
horisoatol pXaaa.
6 # .% Baayti^ eoaffi«lost of oXovmlion or dafXoetioa orainlar,
%f« AW a) Spring oomHaat of aXaotio rootralnt ea oXovatioa o?ave or a/ dafloetica «o«vNi%or olMft,
I fufnlfr aoiBoatOBi of gyro rotor abaat iq^ia axlt.
9. Frooant laag* frMi altaaklag airpXana ta targot.
OL AagXo of atta<^ of attaakiag airpXaaa or idatlXo vi%h
fatpoot %a tlw hori«oataX«
A« flargoi oji^a. iagXo aoaoarod fr«« pr«oaa% Xlaa of
tight oxtoadod to tl» diroetloa of aotloa of target.
y t^rgot ToXaoltir tatarod ia kaatt*
T. A%ta«kiag airpXaao ToXooitar aoaoarod ia iKoolt^
(OL)(t or «)
^^ oontroUaA liw.
V^Q^ iBIialftr t«loeit7 of eo^ptttor oam about ooatroUod
Xlno*
^4/^ »^ A\ SIoTfttloa or dofXootlon ooapoaoat of oagitlor rolooll^
*^* ^ *' Ispftt to crro oloauit.
V. Oroft roll oooponoat of aniular foXooitr Inpot to
^^ gyro oloMut (ooBo af V_ la J^ppoadiz X;
.
(CT)^ Mooteaitii olutraeterittle tlM.
^r,(m\tm «» a\ Aj^gular volooitT'I'roAlotioB Migl* »onoltl«rlty ofpv«rMo or af tXofatloa or doflootlon prediction o)r«toB.
^<m(vp\esL( » *^ Aagttlar •Xocltyprodlotloo aa«X» toatltlrltr of]p\«r/vRio or o; 4efi«otloa or olaratlon prodlotloa ojatoM due to
oroot roll,
S /w^w ^y ^\ As^iiaXAr TtXoolty^rodlotlom oa<Xo rato ooatltlTltjrp\ir;vo or o;
^^ eleimtlon or dofXoctloa prodlotloa o/stoa.
^«ri»W «• 4) Sontltlrltr of oXeratlon or dofXootloa ladleatlac^^ATMo or a;
njrttoa with collator ibaft an^Xo U^mt and prodletion
ancXo output.
A / .\ BXo*fatloa or dofXootloa eo^pKtor ohaft aiifolar dlo^
^ ' pXaooMoat froa roforoaeo position,
A jte^oXar djopXoooiwwt of orooo roXX oei^Kitor ihaft.
*fAm\t A'i IXonatloa or dofXootloa piokoff iroXta^o proportloaal^AOMO or a;
^^ aa^uXar dlopXaooa«ftt of »Xrvatloa or dofXootloa
oa^ipolor olMft •
^{km\( « 4\ Orooo roXX plokoff am!tatIon earroat proportloaaXVAono or Ai
^ oXo^tlon or doflocttoa pletarff roXti^.




^% Xaaoeoraoj la traoklng Xlno po«ltloa«
F*^j^ frooiuro oatpat froa pltot statlo hood
V^/1 Viae lMtdla« of airpXaao.
^^
BUyo of Xift ourro of alrpXaao.
BXILZOOIUFBT
ifl 8Uki f«r %b» Oontrdl of Orafir* for Flxod Oaa«, Xoekotfirot *ai
Boafibla^ froa Mroraft . Tol * I • Pro^paroi liy ibo lAstvmMiiiAtioB
Lal>or*ios7 «f tho NMoaetaitottf Initltuto of Toohnologj*
Dolmilod Th»of7 oaA Ooaomtatloat for tbs i^l 81^% for ttoo Gonlrol of
Oooflr* from FlxoA 9iiuu» a«ekotflrt» MOd loiiMiig froM Airor«f«. Tol. XI.
Proporod V ^^ Xatir«Mftlatlo& l«bor»lor7 of %ho Maotooteootto Xnstitvito
•f foofanolecr*
Pilot*! UMb9^ for lATjr Kodolf fTF**^ aad r»«^ AlrpUaoo, Fahlltliod
tndor ioinX onthorlty of tbo OottMBdlac •«Bof«»l Aragr Mr ?oroot Mid
%ho Obiof ^ tho Bvrofla of Aoroaantioo.
Brootloa aziA Maifttoaoaoo MunC for lavy Kedolt 77f*3I aid y6f->6 Airploaoa,
Pal>Ii«Iiod miSor joiat outhority of tho OowMirttw Ooaorol ianiv^ Mr Toroot
and U» Ohiof of tho BtsroMi of Aorooaatlaa.
Xaotrtkciloao for Oporatiac ^ >• ^^n^ Caamna TJirpo AV-9-4A. Pttbliohad %r
tiM Boll aad Mmmll Coapaay,
X&otraotlea Iteanal IMIA oa Holloa Fiolu*o fholocrapligr. PSiMlthod ^
the Barjr Sobool of PlioH«ra9lvr»^XA8» Foaoaoola, Florida.
lattraoiloaa for Oporatioa and Naiatoaaaoo of Boll aad BowoU 16 wi*
Moiioa Piotoro Proioetor Typo ^Ii>
AFPIHDIX X
CALIBBATIOV AKO »STALLATI0N PB0CSD9RS TOLLOtfID II TR A8SX8SK1IT OF A
T8BXX OTBO LEAD CCWH7TIR0 SIGHT DSSI0I19 XXPBItSLT FOl TSSt H TH FflT
MAfT riOKTSa AUtClATT
ynFACi
nm eali^nitloa pr*o«d\ura and data oontalaad harein oon»%ltat«
work doaa on a thaalt vhieh wat eonetmad with aa iBTastifatlea of
Tariont propartiat of a orroaeopio load coapfatlac Ifhtlnc jrctaa,
utias XhB ditturbad llaa of ticht priaolple. Vork on this th»elt
vat tamiaatad vhaa tha aircraft la vhlch tha aqaipaaat vat lattaXIad
erathad. Ifoir«r«r, tlaoa tlia sii^htlai; tjrataa parforaad to voll that
a •Inllar oT^tan will ha hallt la tha aaar futura, tha prooadura aad
data ara pahllohad for raferaaeo.
Tha tight with Itt eoapoaaat partt wat dati«:aad and naaofacturad
hjr tha Mattaehatattt lattltuta of Taehaolocf lattraoaatatioa Laboratory
for thit thatit. Itt datl«B olotaljr followt that of tha A<-1 tight
daralopad hjr that lahoratory for tha Aragr Air 7oroat. Soat of tha
Bodifieationt aada on tha A-1 ti^t for thit laTtttigatioa varai
1. Tha iattallatlOB of a third gyro for tha parpoto
of ohacklag tha affattt of erott roll on tht eot^tiag
prohloa.
2. Ooapoaoatt whieh oorroet for grarity drop aad linaar
aeoalaratlea wara oalttad.
3. Air daatity eorraetien uait wat oalttod.
4. Frotaat ran^ lapat wat oalttod.
9. Cartaia othtr eoapoaaatt* ra^lrad whan tha tii;ht it
to ba utad at a boab or roelmt tight, wara oalttod.
\Th««e BodiflcatloBt of the bntlo tii^t v«r« Md« dtu*la« Its eo&ttmotlon
in order to •implifj it« SMumfacturo . Slnco tho o1>Jeet of the InTeBtlcs^
tlom of this tjrpo of load eoaputiac ti^ht was, la brlof . to dotorslno
qiiaIltAtlvol7 Iti practle«bllit7 at a el^liilim exttoa axid at ma later-
eoptloB oonree oeajiateri the exact tolntloa of the air to air foaflre
problea for a partle«lar veapoa vae net atteapted. loaee, eaoh factors
at 2, 3» 4» aad 6 abort vera oalttod.
LIST 07 UBORATORY KiiUIPHXHT USiD IK 7SX IBTOH CALIBRATIOlf 07 TR2 SIOHT
1. Xltotrieallj drlrent Titrla^le tpe^d tumt&M*,
5. Step VAloh, toalet, And nirror.
3. Aammtw for Btta«ur«neni of current in the aight't ttlffnete
aetort.
4. A tultablj lumnted apherieel cefaeat with defleotlcm end
•leirmtioB aerke ineorlbed.
&• Mofontlni; \»ate for the coaputer eete Inolioed 30 defect te
the horlsoBtel for nountlBC the conputer oeae on the turntable.
6. Oeelllatlnc; table to proTlde einuooldal notion to coapater eaee
7. 28 Tolt d^c eupply.
LXtf 07 |2*IA78TaATICa8
1. 81g|itia«: SjrtiMi A«t«a1)l«d for Laboratory OaXlbnatlon
2. ElghthMd
3. Oe^ptttor th&il
4. Mirror Sorvo Aapllfitfr Unit
9* Pilot '• Control Box, Front Tiow





9. fraoklac Xndox ao Moft ^ 8i«)itbooA Oasora
10* InotnuBoat Paaol ao Soon \iy Inotmaoat Oaaoi*
OAUUAfflof JXD nrsTALUTioi psoctimjBx fouxMWD IV m AsnawOTT or a
fBtBa VntO U4D OOMFUTXIO flISBT OlilCHtSD XXPRZtSIT FOB TBST H TU rt7
lAfT rzoant axbcbatt
X . AnuvoBoon or tib coiiponaif fams or the szostivo srsm loi
LABOKATOST CALISRATZOI
The Inpat slcn*! %9 XhM eoivatttr cam it an asfttlar rtlooltjr of
%h« alrplAA* abofut the roll and pitch axot. To •iBaloto these iapatt,
tho eoasmtor oato was rigidly attaohod to a woedon fraaa vhieh in t«m
wa* aoWitod ri^dl^ to an olaetrioall/ driven* Tariablo opood tamta^lo.
In ordor to obtain inputs ahout oithor the eloTation or dofloction azat
vithoiit tipplni^ tho ooBpater 90 de^oeo away froa tha rertioal, the
voodea frane vao built to that the ftctual an#;le between the plane of
rotation of the tttmtablo and the elovmtion input axis vao 30 dogreet.
Therefore, tho actual inpat aacolar Tolooitjr vae not that of the turn*
tablet bat the tomtable an^lar rate aaltipliod by the tine of 30
desrooi for tho oloTatloa unit, and by the oooiae of 30 dogreee for the
deflection unit. In order to avoid confusion between tho elevation and
dofloction oyflteMo whan aakiaff angular aoaouroBonta, tho eoaputer
eyotoa not in uto i«o aado inoperatiTo by doenergitiag iti gyro. In
addition, the erote roll eoaputer eyetoa'o eleetrieal eonnoetiono to
the oieht haad nirror oerToo wore dioeonaected by aeaao of a avitoh on
tha pilot' ecmtrol box, except dnriac the calibration of the erott roll
eyotaa.
The eifht head was olaq>ed to a ri^d etaad in a pooitien to
pomit the si«ht*e tracking index to bo roflooted , by aeaaa of a sirrar
attached to the eig^t head'e reflecting glaee, onto the epherical eeg-
ent having elevation and dofloction scribe aarke. It was necessary to
properly orient the tpherleaX te^Bent to that its scale of elAvntion
ftiMl defleotion as-rlcs actually denoted nils angular moreitent of the
tracking index. The reaainin^s sight coaq>onentt vere loeated near1»y
ee at to he easily aoee«tihle for adjuttment
.
II. CALIBHATIOH OF THl ILE7ATI0S ?tn)ICTIOH AHOUB COKPUTISa 9YSTSM
a. STATIC SBTSITinTT 8 .^*
The fltatie tensitirity depends en the auignitnde of current flev
in the stiffness aetors on the eleTation, deflection* and cross roll
eoapater shafts. In this sightinc systsv* the sensitlTity of both the
•lemtion and defleetion eoaaputers is controlled by iwaas of a switch
on the pilot *s control box. This switch has ten detented positions
for reculatinc the stiffness niter currents, and the purpose of this
calibration was to adjust the current at each positi<m to obtain a
range of sensitirities fresi «ero to fire seoondst in ten approxisately
equal increaents.
With the sight energii^ed and in opemting eonditien, but with
the deflection gyro diseonneoted and the cross n^Il eireuit turned off
i
the B^#_« was doterained ia the following aanner.
la angular velocity input was applied to the computer case and
the eleiration prediction angle generated on the spherical segneat
corresponding to this input was noted. Data was recorded for each roa
as followsi angular velocity Input t eleratien prediction Migls, sensi*
tivity setting, and stiffness motor current, tnsfugh runs were aade to
eever adequately the range of elevation prediction angles frea s«ro to
plus and ninns 250 ails.
A pl0% of i>r«dlolieB uaglB Tertut an/^alAr Ttlooity iapnt a^out tlM
•ltrv»tl(m axlt for «aeh oonsltlrlty ottinc £»• * oorl** of points
throng vhioh a ttrai^t lino was drawn. Tho slopot of thoto linet aro
tbo S-./yp)^ Talooo for tho Tarlouo •onaitiritT' Bottln^^t. Stiffn«i« aotor
oorront was adjuotod in eaeh Oaoo until tho piropor lopei woro ohtainod.
Ad^ttBont of BfluclMUi toasitlTity to a apoolfiod ralno vat BMdo
by altering the awmnt of atlffnotB motor earrent throtmh tho oleration
otiffnoon Botor. In this oalibnttlon, tontitiritj sotting oouribor 1
oorrotpondod to a ayjww oontlti^itj, and vao adjuttod to firo ooeonds
hy Beans of a potontlomotftr in the eleiration tonaitiTlt3r control avpli*
flor elreuit aarkoA **! " la fli^nro 2. Tho adjaatsont of tho aonaitlTitjr
ourront for aaor partienlar eottlng of tho control avitoh affoetod tho othor
aonaitiYitioa* and it vaa noeoaearjr to roohock all poaitiona aa ehancoa
woro aado. Tho final plot of prodiotion an^lo reraua input angular
Tolocity appoarff ia Ti^nro 3, and tho tlop^o of thoaa linoa woro tfata
takon and plotted a^ainot oonaitiritr eottinct and aro ahown in 71^ro 4.
%. STiBZLITT VmBUt (8V)
Tho noirt atop in tho ealihration preeoduro vaa to adjuat tho
dajopor fluid tonporaturo to jiold a atahility nuaibar of 0.2 for tho
olovation ooaimtittff aaratoa. Stability muilber la a foaetlon of erro
vhool apood and of daapin^ on tho eoaputor ahaft. Tho gyroa voro roa
by induction notora at a eonitaat apood dotorainod by tho apood of




















































































TO PRODUCT OF Ac^ANP Acj^
^
VOLTASe PROPORTIONAL.
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vat dlreetljr pr«portlnnAl to riKOOnity •f the Aampln« fltiid. Tht
l«eotit7 of th» fluid in nmch. ooarpater shaft danp^r tms eoatrollad
^ a rhaottat la the damper heater clreuitt and a 12 ? chance la
heater tea|»erature produced a 15 percent ehMnc* in Tieooeitx.
The aethod of eettla^ etabilltar noalyer ooneiete of deteraiainc
the elefatioa ooaputer e]r«ten*e an^lar Telocity input " rate of ehanice
of predlotioa aa«le output ratio, ^^/vp)^* ^^^ ^^ itiffnete aotor
excitation current turned off. Knowlag this value, the etabilitjr
BMUiber can he deterained fros the relationehip
(811) « ; ^ . ' ' - 1
'p(WP)e
The areratce rate of ohaa^ of prediction ancle was detemined hy tiaing
a tifht eleTatioa ohaana of 300 alio raeultlnc froa a knova aacular
elMltf input to the elaration ooaputer cjrataa.
Aa a aeane of detemininc etahility naaber raoldljr, a toriee of
crephe were plotted, Ficaree 6 and 6 for elevation and 7i«ure 7 for
deflection. Theee fraphe are a pliit of tloe for the traekinc index
to travel 300 aili rereue input angular rate, and the e^toation for tho
liaee it derived at followel




euhetituting (S) in (1)
(81 1) • -Jfc

































p I f^ JS 16 ./7 Je /9 wgO .^f .^g -^3 .g^ .^5 .^6
Ib the abore foramla W^, it th# actual inisat »n^l»r Telocity In nils
per teeoBd. Thit is ol^talBed frda turntable an^lar Telocity V Mil-
tiplyini; the latter by the tine of 30 dei^rees for this eate, and by
the coeine of 30 degT«ef for the defleetioa eyeten. Roverer, the
turntable ajs^^lar rate is the paraveter listed on the curres to faeili*
tate the labomtory oalibratioa. Thus, if tine, t, is talnn for a
particular traTerse of 300 ails u«in^ a ^iTea Talue of turutable aa^lar
Telocity, the stftbility nttsber can be read directly froa the gnv^*
The stability BU»bers thus obtained are plotted for the Tarioue
angular Telocity inimts in Figure 8. Final dasaper temperature ettinf
vas 189 7 for the eloTation oonputer.
0. MlSCHAinSM CiURACT<:EISTIC TIMS (CT)
The siechanistt characteristic time for the eleTution eoispater
systea was determined in the following numer. With the case at rest*
and only the eleTation igrro energised, the eleTation oonputer shaft
vas deflooted Banually la order to generate an eleTation prediction
angle of approxiaately 150 mils. tTsing a stop watch, the time interral
%ras determined between a particular eleTation prediction angle and
another which was l/e, or 37 percent of the first reading. Data was
taken using both eleTation and depression angles, and at as many
settings of the sensltlTity control switch as it was possible to tlmt
the tracking index accurately. Duo to the inherent inaecuraeies of
this type of meaeureswnt, soTeral readings were taken at each sensltlTity
setting, and their aTerage assumed to be the correct (CT) . The Talues
m




d. ORIOX or OALXBIUTIOI
ffte ••atitlTitj and ths ttabllltx muib«>r of %h» 9ltnrm%i9tL onqiatar
haTlzkX Wmi 99% as daserlbad la ••etlona a. aad b* a%ov«, and tha atehaaiaa
oharaetbrittle tins raeox^Lfdv the oraraXl calibration aay ba ohaeVad fi
the fonnla
(p).^ -i
fha •tft'bllitj zmslber thaa detenilnad chould aipwa vlth the ttabllltjr
xiaatb'^r at tat in \>. TIm plot of (37) froa the ahora foranla it •ho«B
la yigure 10. 3inc« (CT)a and ^ /^j») «^« •T nearly equal in aa^itttl*,
and their ratio is onlj ell^tly dlfferant tv9» unity, vhleh is snV-
tT«tcted fron the ratio to glira the stability nusiber, only a coarse
a^preeaent of stability nuabera oaa be erpeetad.
in. OALIBRATIOV Of TO VOlXCnOS STSTM
a. wtnmfim static tmsinnir - •
.^^^
Far the pufiosee of this InTestifation the 8 /wp\^ ^^^^ Bitde a«
nearly as possible the sane valtie as the S (yp\- f^^ the Yarie«s sensitlT-
ity control eattlac*. In order to aoeooplish this %«• oarrent ad^st-
eats had to be aada so that the current flow throng the eleTatioa
stlffBesR BOtor mus not affected by the adjustment of the potentloaater
across the deflection -eoils. Za fi^iart 3, the coarse adjustaent
vas Bade on the deflection stiffness aotor pbt<^iioa»j|er aarVred **)(* to
brine ^^ 8 fvp)d ^ '^^^'* ^^' required sensltlTity. then the current
through the complete stiffaass aotor clrouit «ae readjusted by the cala
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iwtor eoll WHS lt« pr#rln(afi iralue. A q[alek thmok of f «^p% on ugr
of thft senftltlrlty control settings omild rerlfy thit edJu«tB«at. Not
hiiTlni; ah*nc«d th« potltion of the cosrputer onae on the turntable froa
Itf poeltioa for tlie
'^/^fp)^ tettst tho ttxratable an^olar Tolooliy vat
Modified \fy the cofiae of the tilt of the sountlnK frame (30 iwgwt)
to gire the actual Input an^lftr elooltj ebont the deflection axie,
Data of Pt^ Tereue Input an^lar iwloeity i« plotted in figare 11.
The S /^w i« represented by the slope of the line oonneetlng points
thus deterwlaed for any portioular sensitlTlty settlni; on the control
box, Theep Talu<?s of S /^^^ JW* plotted against sensitivity setting
in Figure 4, which alto shows 5^(y^).» ^O' coapariton.
b. STABILITT lUMBSB (SN)
fba (S9) for the deflection systev was tot at C.30» vhieh was tht
taiae Talue as set on the elevation tyttes. This calibration was nadt
in the taae aanntr at erplai&ed in the previous section. The final
tenperature setting on th«> deflection coapater damper was 173.6 T»
and the plot of stability nunber veraus angular vtloeity input it shown
in Figure 6.
e. M10HAVX8K OHARACTISISTIC TIMS (CT)a
Meehanitm ohax%oterietie tint wat deterained, as detoribed in
part S, taction <^. and it plotted in Figurt 7.
d. CIDBOIC or CALIBRATXOir
A ehtek on the overall oalibration of the deflection systta by
deterainlng SH froa the formla
^p(WP)d
wat aadt* and the retultt are thtvn in figure 8.
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If. CALIBHATXOI or TRK ClOtS WSLL SYifW
?he eftliltration of tha •l^ht*! eroat roll oorrvetioa ytlea vai
diTld«d Inio two ttvpat first, th« adjustrntat the ttatlo MBtltlTllT-,
a«tl«OAlttd as
*p(<^)(;£ • ^^ ^^^ coapoBMkt of tha erati roll «7«%a«
vhleh corraoto tb« dafleotlon prediction Mi^le for oro«« roll offacto,
and toooad, tha ad^ita^nt of tha «tatio oantitlTlty, dooi^natod at
'o(WP)Cft ' ®' *^^ oooponoBt of tho oroit roll •jrotoa whieh eorraett
tho alaratioa prodietion aa^o for eroto roll offoott.
fho oovptttor eato was o«t up ao i& tho proriouo calllsratioB with
tho aa^dar TeloeltT* of tho tumtahlo, aodifiod \j tht aaelo of tilt
of tho aeaBtlag fraao* ouppl/iag aa liqput to tho crooa roll oo^putor
87stoa. laopoetioR of tho fttactional diaiproa pieturiqg tho effoet of
tho erooo roll Bjrntoa on Vo^. Fl^re 12 * ohovo tho latxitfl dotirod for
the eall^ratioa and tho faetoro vhioh aro Inolodod ia tha rooaltiac
corrootlon. V vas onppliod hjr the rotation of thA tiltod ooBjmtor
cr
caoa. A oonttaat oloration prodietion aaglo, ?a . v«t ohtalaad V
dooaeri^ieioc tho oloiralion ooispator*o si^ro aad rotating tho eloTatioa
eoHptttor ohftft a MMonrod aMwit and rofltraiain^ it in that position
daring tha nui* Tho doflootion ooBpixtor*o fgrro wat deonori^tod to that
it nodo no coatrlhutioa to tho doflootion prodiction an^lo. Ronoo tho
doflootion prodletloa aa^lo (oaoratod wat tho produot of tho proooat ?• .
tho fialn (ku) of tho dofloetloa eroot roll aaplifiort oad the aafolar
Tolocitj iiout (W_^} to tho oraoo roll co«potor shaft.
or
Vith tho sotnp as dosorihod aboro, mas voro aado and tho folloviac
data takoAt tf « (tmmtahlo spood eorrootod for ountinc fraao tllt)t
Fs^, Ps. t tho oloTatioa ooaqputor systoa ooasitiTltf sottia^* anda Q.



















frem tbi" data* a plot of Pt* «rftt« tho prodant of crott roll
•Afalar Tfllncltr (V ) And tho (tl^Tatloa si^t prodlctlr»n An^le va«
Bftd«. ••« figar^ 13. ?h* slope of this crarm plottod repi*««»ntt
tho defloctlon crotf roll Mntltlrlty [8 /jmNrj ]• It vrlttsn In
•qaation fora,
3 . . at < Wh
'p(WP)CH^ V#
In order to h»Te nnovfh points on the plot to gXrm ^ represontatlTt
corro the voola yi^r% nado with Ps ralus from 50 to 300 nils and %dth
'd(V?)o o*^^^'^* trttm a ainlJBUi to a mxloiui of 6 seooads. The cross
r^ll soasltiTitjr control ixnlt vas desi^i^nod to gi^t a cholcs of four
sonsitlTltlos. Is epoolfied these soasitiYities were to Tary in eqioal
mltiples fros 1/4 » X/2» 3/4, and 1 ttf the product of tho oleratlon or
deflootloA ssBsltlTltlss and the w» (X 8ir). With the aaxlwni oress
roll seasitlTlty setting used the ^ /^)o« ^^* adjusted to Its proper
Talue ty adjustlai; the ^In (k^) of the deflootion cross roll anpliflor.
To adjust tho erost roll sensitlrltf sottlaes at 3/4, l/S, and 1/4, the
naxlBsio Talus, an ohseter was used to callhrate the eettlnifs of the
variable eathodo resistors of the 6Sir7 tutie in the defleotion oross
roll aiq)llfler eafloyed as i^&i*. controllers. The cathode resistaaee
for a certain setting was adjusted so as to be in proportion to the
resletanee for sskxiaua seasitlTiiy as the seanitiTity for that setting
was in proportion to the Baxlaaa settsitlTity. These resistors are
U^elled ••?." **8, '• **a," "p," "q," and "O" U figure 15, the
electrical wirla^t dla^aa of the si|^t systea.
Calihration proetdure for the eleratlon oross roll sensitiTlty was





•hevt P« •rmt (?t.)(V ). figaT9 16 la a plot of the rosultt of
thoM oall^nttloat and ohowt tho erett roll 0ontltlTiti«t obtalnod «•
a fvuMStloa of the MasitlTlty tottlag ob tho eoatrel liox.
The crat* rail aeehaaltB eharaetorlttio tlao wao oot oqimal to tho
olo^mtloB uA dofloetloa ortt** (OT)a ladlrootly vhllo ehoekla« tho
roopoaao of tho oroto roll ooa^ntor txatoa to a •laaooldAl Inpitt aotloa.
Thli proooduro to do«orll>od ia the aoxt oootion vh<'r«ia« froa tho
rooalte, tho (8H) was dotoxvlaod and adjusted to tho poolflod Taino
^ TarTin^ tho tenporattiro of tho dajqsor flald la the daapor tialt oa
tho eroos roll coaputor shaft.
T. CHSOX 07 TBS SlCfflT'S OTirAMIC FSaPCffiMAHCX 90 A 8IIU80I2UL TOBCIia NOTIOI
Xa order to oinaluato the dyaaalo perfomutMse of the load-^eoapatlac
l4[^t, tho old^t eoapator eaeo iraa on^jootod to a elnaioldal aotloa. tha
aa9)llt«do and fro^noaojr of vhleh vat kaova. The aotloa of the tl^ht
rotlele vao aeaoarod vlth rtepoot to the aaplltudo aad phase of tho
forol&c aotloa. Tho remits vore doteraiaod as a ratio of the aaplltiido
of the rospoass to the aaqplltudo of tho forolng aotloa at loro forolag
froq[aeaO]r, and a phase aa«le of tho rospoaso* vlth rospoot %• tho forela^
aotloa vhleh was glToa a ae^stlTo slga vhea the output leads tt» laput.
Iqulpaeat used to produce a slaasoldal forolac aotloa ooaslsted
of a flat table osolllatlac about a vortloal axis aad drlvoa hj a
variable speed oleetrlo aotor throng a rotatlag shaft - rookor ara
arraacoaoat. Tho oosQWitor ease vas aouatod rlclAljr oa the ooelllatlac
table utlllslac the tilted aouatln^ fraao described la tho previous seotloas
13
Novating thft oas« In tkit fathlon p«mltt«d ch»«ki&i; tb* «I»Tstloa«
d«fItetl9Bt aad eroti r«Il «yi%*Bt without luiTin^ to thlft tlM eoapa%«r
ft Mt aad mtmwtxM the «apXlt«Ml« of ih« foreini; a»tion a Wmd of
light wai proJ«et«d « n«««ured dlstaae* fVMi th« otelllatiac %itt>I« eato
a ftatleaaiT- b&ekgroiukS . Tht dlftaae* vas great saeogh to allow e4nr>
Vtttlag tho aaplltudo af aagoilai* aotion Vy dlTlding tte dittaaoa fraa
the eontor of ooeillatioa to tha light opat oa the wall baok^preruad Taef
the diotaneo thr«agh vhieh the light tpat traTollad when tha aseillatiea
tahle va« tlovXy aoTed thro«igh oaa-half ejrele.
The ei|^t head was aountod so ao te allow aa ohoervar to watah tha
sil^t reticle boto with reepeet to a ttatioaarsr haehgroond a kneim
diet&noe away fraa the airror in the ai|^« Vhaa the dietanee the
retiole appaare to nore aa the wall ia ohaorred and aaamured, tha awgalar
etion of the «i|^t retiole vonld he AetenBiaed and conpared to the iiqpat
a8q;>litade foread on the ooopater eaaa.
To detesiBlBe the phaee relation » the elglht reticle wae illaaiinated
V »•*&• of a aeon light fired ia ianiohr^aitBi with aotion of the oeoillating
table throtti^ an eleotrioal eontacrior iddah aade ooataot oaoe aaeh eyelo
of the tahla^e aetioa. ^Me after narking tha retiole position on tha
wall far a rerjr ol«w (tero) iafnt aotioai tha phaee ahift for tmy fro-*
qaaaigr eoald he deteraiaad ^ ehifting the illualBating eontaotor oontrol
witil the retlele flashed oa at Iti poaition for lera input aotioa* The
aagle of thift wat read trvm a protraetor teala on tha illtiainating oontrol.
At in the oalihratioa of the elewatioa aad defloetion oyatea saaei*
tintiao, tha iapttt aotioa wae aodifiad hjr tha angle of tilt tf the eo»»
p«tor eata aoonting fraaa*
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To •altMit* %h« •lAfatioB aad d«fl«o%ioa sytttMi* Ayaiuiio p«rfoiwuMe,
their aaplttude and phao r««pon«« v«re •atnrvd for TKrioBt fr«qu«Ael««
frea nmir nro to aloouk 1»3 ojroloi per oooad. The aapllttide rotpo&eo
ratio and the phaae shift aa^le wore plotted at foaetione of the eenel*
tlTitr*Pfriod ratio. The otatio oeBeitiTitjr had ¥een detemined pro-
Tiofatly for the particular oeafitirity eoatrol tottiac uoed, aad the
period it the reoiproeal of the ooolllatloii frequeaoy in oyeloi per
oeoond. Thooe ploto are ehowa la Flgoroe 16 and 17. laolWled on
thcee plote are eurvot detemined t>7 thooretioal oaloulation aa leiToa
im a roforoBOo'. Ao oaa ^ eooBt the dTttonle rotponoo of a elcht
depend e on the etahilit/ muid>er of Ito ooapator oyctea. Therefore, in
eoBparitoa vith the theoretleal -valuoe plotted on fi^goroe XTI-9 and
XTI-17 of the roferenoo* thit toet oaald %e uood to su^etantiate tho
(•I) oottinc on tho oonptttor tyetoao.
Tho final ohoek to ^o node on tho otcillatiac talkie vat to fot tho
roepoaae of tho eroot roll oonpfatlng lyeton. To do thie tho eleration
CTTO wheel wae doenor(Sitod and its co^pttter shaft doflooted and roetrained
at an an|(le to produce an oloratlon prediction anicle which wae awaeurod.
The doflootion eoaputer fjretOB wae nade i&oporatlTO \j deenercizlB^ ito
flrro. The eroee roll teneltlTltjr ooBtrol wae set to a valxw of
t /wp)c« prerioBslx detorBinod. BTow vith the eonpator case oriented
d
on its tilted BOUBtlns frano so that the croes roll tJTo roeelTod a
eooponent of the sinusoidal input sotioa, the aarplitude avd phase
* Detailed Theory and Coaputations for tho i^l Si^t for the Control of
(fenfire fro« Fixed Qunt. Eockot 7iroi aad Bo^iB« froa Aircraft. Tel.
II, Appendix Xn, Soetioas L aad P, prepared ^y the Instruaont Lahorar
tery of tho Kaesaohusotts Institute of Technology.
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. :. r:: l^---^i.i^l- i. I:-^^I:.^I i. 1- l^:n:-l.-!^^.l-^i-'-K- i.-l f ^-1
r«latioasMp of tbt d«fiMtlon pradlctlott Ma«l« predue«d >7 the «r»ta
roll was moamurod aad th« data usod to compare with the tb»orotioal
ealotilation at in the ea«o of tho oleTatloa and prodlctioa tyttMui. Soo
yicaroo 16 and 17.
Thlf aothod of ohooktae tho erooo rtll oMKpatlng ojre^os prorldod a
oomraniont aoaae for adjxiitlxws tho (n) of the eroat roll ^«%«« to a
•poelfled Tala«, elaoe the (8l) lo a paraaotor affooting tho potltioaln^
of tho (mrvos of figtuntt 16 and 17 («lttitoidal roapoaso oiunroa). Tho (Of)
vao adjustod a« boforo V7 adjuttinc tho tmqporature of tho danq}or fluid
ia tho daopinc caoo oa tho eveti roll eo^ntor shaft.
n. OAMSKA 2HSTALLA7IOV
Two OSAP (lEoa ol^t aladAS polat) eanorat, A8**6A« woro inotallod
in tho F67 for roeordla^ data during oaeh roa. Oao eaawrot attaehod
to tho ti^ht hoad, yhoto^raplMid tho traeidne indox and tho targot planot
tho othor, fooutod on tho Inotroaont panol» s^tographod tho foUovin^
iMtnuMatoi tt«p watoht alropoed aot«r« altla^ter, turn and 'hmtdt
Indicator, artificial horisoai dlroetioaal gyre, and aeooleronetor
.
Zaawnoh as tho ttaMard dSiP oaaora it prorldod vith a fiaod
foouo loni, foouood at infiaitri it was noeootarsr to adi^t another lent
to tho eaaera photographinc tho iattrtasent paaol* tho lens uood vae
tho Kodak AatiipMt, f3.7» 16 » vhloh pomlttod foouaing on tho ia«tra<*
Bont panel 30.5 Inohoa diataat. lo aofldieation of tho eaiaera froMi
vaa aeooaaarsrt a auitahle adaptor vaa naBafaeturod to fit in the l«ta
aooket for the fixed">fooua lena. and vaa held in place "hj a aot aovov.
Tho adjuatable loaa waa then placed in the adapter.
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To looat* this oamora to that It would phetogrmph th« detlr#4 Inttni-
senti. It v»« Dttcoatary to nount it in a position Ju«t abore th« Irft
•houldar of thfl r>llot. To do this, %h» catapult hoadraat and amor
plato vere reaoTod, and a tuitabla brackat for holding; tha casara waa
tecured to tha aftar ^mlkhaad of tha ooelcpit. Althou^ this arrange-
sent placed the caaara and braoket q[uite eloae to the pilot *• haad , it
vat accepted sinee it obTiated tha oonatruction and installation of a
taparate inetroaant theatre in tha fucela^e of the plane.
The extemAl wiring dia^raa fvr the oaaera clrotiit ie ehown in
Tlffart 18. The operation of the oaaera ie ae fdllowsi
1. Cloae battery twitch, oatter araanent tvitoh, and eaaera twiteh.
2. Close iron twitch on control ttiok ttarting camera.
3. Olote coding and flrro oaging tvitohei tisMltaneoualj at the
tt&rt of the firing run.
Closing the coding twitch actuate t a taall flag innide each eaaera
in tha field of the fila and poraitt tjmchronisation of the two filae.
When the coding twiteh it opened prior to relrating the ^un twitch on
the control ttick, the fila it again coded by the flagt. At any inter*
rening tiae the pilot can flick the coding twitoh to obtain additional
tiat oheckt. Thit coding feature wat incorporated in order to aake the
(^valuation of the fila easier, tinee it wat a aeant of potitivelj
ettablithing identical tine intetralt on the two filas.
The aboTO eeparate coding feature necetsitated a aodlfloation of
the standard internal wiring circuit of the OSAP caaera. The nodlfied
oireuit it shown in Figure 19. With the ttandard circuit, the oaaora
17
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ruAt fron one to fiT« seconds (according to the orpmn ••ttin^) after
the gaxi BVltch is opexMd* and the film Is coded only at the beginnioii
and end of each run. Howerer, with the modified circuit, additional
coding nay be obtained through the use of a eeparate evitoh. The
change within the camera oase le to disconnect the lead to the orerrun
SMignet froa teminal No. S, standard olreuit, and connect this lead to
terminal Bo. 4, modified olroult. This anodlfled internal olrcuit,
toother with the external operatlni; circuit, permits fiflaltaneoue
uncaring of the ^ro and coding of the flla, and any additional
ynchroniz&tlon coding detlred.
TZI. nSTALULTXOH 07 TFtE TRBXE-^GTBO COMTUnffa OUVSIORT'S COHPCOnCKTS
IK THE MODXL 767 lATT AlBCBAfT
a. SIORT RSAP
fh» eight head, speoiall/ datl^tsed far this proieet, was aouAled
in the noraal ii^xnsli^t position. A sl|^t oountlng braclcet «ras aade,
and was secured by four bolts to that part of the airplane *• struetup«
whloh noraally tupperte the sight. To prevent any Tibratloa of the
sight head, additional supports were enployed. These supports eonslstad
of two rigid steel straps running fr«n the sides of the sli^t to the
windshield frane directly abOTO.
The sight reticle caging switch, to be operated by the pilot's
left hand , was a«anted on the eoc>rplt till just oTer the throttle ea a
switch box which also contained the gun eanera's coding switch.
b. PILOT'S COHTROL lOX
The pilot's control box with its oaeter switch, djunper heater twlteh.
and indloater lights, and sensltlTlty control ewltehoe» was ehoo^meunted
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•Ttr tha rlfht mdder b^r nndcr th« pilot's lattraaent paa«l \y BMat vf
tvo elanp* •eeorttd to the rodder baa* nnA oao bolt Attaehlni; to tlvt fir»»
vftll at tiM TT of thf! control box.
• . OOMFOTXR CASm STOfO AMPLiriTCR, DYWAMOfOH. AUD ITTTF^RnB tWIfi
fke ceaputcr eaeo, •rro aaplifl«r, dTnaaotor, and Invartcr uaita
vera Inotailed 1b the fuaalA^ of tha alrplana behind and balow the
pilot's eookplt. Thty irara Muated on b*aa« prerloualx oeonplad bj
zil^t*fl||htlng radar aqnlpoient, vhleh wta removed froa tha alrplana
la order to aeoonnodata tha gaiial4i;ht*B aqalpaaat. Xla/>trleal powav
for the al^t arstan vaa obteiaad fron the function box whleh oontalaa
a fitting for fupplylac pover to the alrplana'a aleotrloal ajr^taa frost
aa axtanml aouroa.
d . ODHSKm? OiMflU BBFERBirCl! KA»li
A gan»i^% eaxRora refem&oa aai^cart vhleh ooasletad of a steal
rod with a baadad tip, was aountad ahaad of tha vladshield on tha
fttselage at a poaltloa Just aft of tha afliglae naoalla. The purpose of
this Marker was to provlda a raferanea point In the assaesoBBt casera















All flgarea are plots of prodiot«d load Ang,l9B as a fonotlon
of tine.
(t)r Aloo iaoludes Tracking; Ixuiocturacy)
71c. 1 Bookofoiler Differential Analyrser Solution
Ran 1, Mieeion 1
Bon 2, Hltslon 1
Sun 6« Miselon 3
Bom 3, Mlotion 3
Bnn 4, Mission 3
Son 3, Mission 1
Bun 4, Mission 1
Hon 5, Kisslon 2
Fig. 10 Bun 2, Mission 3
Fie. 11 Btin 6, Mieslon 3
Ron ?• Mission 2
Baa 4, Mission 2
Bon 6f Kisslon 2
Rub 5* Mission 3
Traokic^ Ina<Mmrao7 and Solution 71jm as A
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